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1.1 SUBJECT
I
In this te.$t two, sim.ple portal t%'alne kneQ-s w¢re eaoh
sUbjected to' ten~U.l$'....typ& loa,d!nSe flppl1ed in etton 'f;}. !ll.!Ull1eti that
the angle b~tw$en the' t1ro lega of th& kne$' 1ne:reaaed. The two
knees \1tere- ldent1C::a1. with the exoeption that on$Md prev1ou'ly'
been stressed beyond 1te. yield ~trength while the other had
practically no prev10us strain history.
,1 .2 P!JB:POSlS
~ .. ,.._.....
The purpose of this' test was to stu.dy the behavior
of a 31mple portu frame knee when $ubJ~cted. to a loacUng Which,
cau.ses' $..."l increase rather than ad$ereQIJ$ in th$ !Ul81e bet".ween
the lags of the knee.
1413 SCO~
. ~
This r$po~tcov$-re a. theoP$t1eal'and ane-xperimentQl
study of thekne•• t&$ted. The study covers total rota.tion of
the kn$o" aav$X'a~ unit ~otQtlpn OV'$i:' lO" aaction$ of th~ beQm
adja,oent to the knee, total denect10n of 'the knee, and lateral
euppotot load.
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StJQ:ARY' OF RESULTS
I .1
2
2.1 The'.f$11~~,of 'both knooswQs b!'ought about 1;'1 l$.teral
. ,' .
.' l?ticl::l1~g •
... .; .. ,.
2.2 The Ultimate moment of thekne68 wa$'45~ ~ater than th$
thElor~t1eal yield moment of .. plain beam 12WF36 Section..
2.3 The, kne~wa$ iOJ' stroll(;er undeI'tens11e~ype loading than
' ..
under compl'$ss1 \Te ...t':fpelotad1ng.,'
2.,~ When rotatiol1s became large tho "tm1t ~otatlon!tt ~polnt
in the leg just o,ut~1de the knee proper, b~ca.me .greater
tha.'i'l the unit rotati.on at, the haunch,. the lnt(}:rSection ot
the conterl1nes of the 10':;:8 .. ,
2.6 Tho lateral $upport loads ware on1yO.~ of' tne theoretical
a~ltil.l y1eld load at'the section until the ult1matoat.rength
01' the knee was reached. Onee the u1tlmat~ stl"ength. \'las·
~Ge.che<i, thE!) lQteral SUpport 'loa~e 1ncPe$.sed rapidly.
COllCLUSIONS
·..P _ I I. ..1.",
On the beals. of the tests ot the t1fO loleee described
in this report the folloW'1nr:; oonclusions are madEh
3.1 A knee of the type used in thl., test, type eD $.5. d~se~lb6d
in Progress Report 4 (1)" will safely withstand the Satll$ l.oad
under a tenal1e":'typeloadlnG that it ·1.$ deslgn.ed to wi tbetand
unde:v a compress1-va-type loa.d1n~.
3.S A lrnee o~ the type used 1nthle teat should.beprovided
with lateral «m:pj;)or'b c_pable. o:r~xert!1tg a tares. on tba Ime()
of 1.('J$ of th& theoretical ax1a1y1eld load. ot the section.·
These supports should be located on the 1ns:tde a.nd Qutsido
comers of' the knee.
5.3 A knee of the type usad·in this test it p~operly $upported
should be capabltof $Uppor:t1ng· tens11eMtypttloading82(#; greatel"
than j,ts theoretical yield strength and l~ s~aatev the.n! tS'
theoretiea1 plastIc strength.
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1)ESCIrt'Pr!ONOF 'YI$flt) .' .... ' I ... ,--- .. -.- .....
4;
4.1 TEST SPECIMEN
A detal1$d. draWlltSoi' the· teet .peo1~:ns is shovm in
:(it1g. ~h They Q:rN) botnkn6$$ of tho t~e aD as deacl~ibed tn
, . - '
l;?rOgIl0S0 Rapo"t 4: (Retet'$nc~l).
4: .1.1 ~,.1$t()rl
The tWQ kn.~a·· 'beated werQ out f'rOln .. full ~$1zad s.:tngle
btiy reetG.'1gu1ar rigtd t'rant6 .fabricated trc>ltl-a 12WF56 st-eel see ...
tion. 'rhe t~H3t to failure of thi8 tram$ 1$ d.$$cr1bed ~n }?;rQgt'0&$
Repo;ttt tI (2). A photog:raph oX th1.$ frame afterbe1nc tested 1s
$hown in F1g. 10.
4.1.1.1 TheV11'sln Knee ..... The l}:n~e which w111 .be r'G.ferred to
as the v1rg1nknee in. th!s report ..-a.s the windward knee of the
f't'Qm6 described in progress RQI,)Ort t1 (2) ~ _From the plot of its
prI)V1()~ln st~aln hl$to~1 af1shown 1n the IQtD.$nt.aotation Cur'V$ej .
Fig. 3; :t:h 1s seen that du.r1ng the fratl1& test the ~:noment ill
th1a kne-e was at all t1mea beloW' the '11eld: moment. Sltsht per ...
JJ1SUlent deformation du&to Looal Yield1rtg dldoc¢u~, but ita
e.ff'ect may be neglected. Fo~ pract1eal pu:rPOSElS, th1a kne~
may baoonsld$red $,$ having no previous strain h1atory.
4.1.1.2 The Defo1'Il1$d Knee ...... Tb,e knee Wb1eh will be ~ferred to
.....
as the d.eformed knlU~ was the lee knee of' the trame. Fvom the
plot of 1t$.prev1ou$ st~aln h1ator1 as shown ln~he Mom~nt-Rota~
t10n Curves, Fig. 4 t it 1s se~n tha.t d\ltd.ngthe fr~ue test the
moment in this knet $urp&$sed the plastic moment of the knee
$nd reached theult1mat& moment. Excesaive permanent deforma-
tion of the knee occurred. A photograph of the knee as it ap"
- pearedafter the frame teat is shown in Fig. ll~
4.1.2 ~~etlon Prop!rtles (2)
The ste$l eeet10n used in fabricating the portal
frame was tl nominal 12WF36, but the aetual measurement~ of the
eross'"'s$etlon showed that the section used had properties that
v&t'1adto som$ $xtent from those given in the A..I,S,C. Steel
Conatvuot1on Manual. A eo:mpar1son of b~dbooka.nd aetuu di-
mensions 18 given in Table I.
TABLE :t: PROPERTIES OF 12WF;56
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Wt ..
per tt. Area Depth
lb. in! in.
~otual
Flange Ix SJt ~
Width Thiok. ln~ in'! i.n~
121. in.
6.560 0.506 264 43.5 48.1
Handbook 36
Varlation ...-44C
10.59 12.24 6.565 0.540 280.0 45.9 51.5
--4.6% -0.6% -0.1$ --a.n. ...a.4% ....s.fjf6 -7.1%
..
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4.1.3 :M:eoh9.Il1oa1 PropertlG8 (2)
The mechanical properties of·the steel used wore
determined by standardoouI;)0n tests (both tension Qnd. cornpres'"
sion) taken trom several locations in the cro$s""s6ot1on of the
beam.. The steel used WElS orde~d to meet therequlJ?6ment of
A..S.T.M. Designation A7~Cfl and all pieces needed to form the
two knees were out trom a. single length.
4.1.3.1 Mill Report .... The mill report 1'01" the steel is shown
1n Table II •.
TABLE I I: ffiLL RE POR'!' ON 12WF36
Ohem1ca1Composit1on
in Per Cent:
C :: 0.18
.lin ::;: 0.65
p = 0.014
S = 0.038
Meohanical lTopert1es
Elongat1on1n8 in. =25.2$
Reduction 1n 'Area =50,0 per cent
4.1.3.2 Laboratory Coupon Testa.. -- TMlaboratory coupon test$
8.I'$ surarnar1zed 1n Table III.. in us1~g· these results. the yield
streaslevel of those eoupons·f.tenslon .and.compression) located
1n thetlange. of the be$m'Wereaveraged and u$$d to determine
. .
the yield moment and plaatic mom$nt of the (Section. Th1s averag$
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yield stress level was 39,100 psi which is 1!Jomewhat lowe::? than
the upper yield-strength ot 42,530 psi given in the mill report.
TABLE lIlt SUMMARY OF
LABORATORY COUPON TESTS Oli' l2WF36
Tension of Yield Stress U1timate Strain, Hardening
Location Compression Level--psi. Strength in/in
psi
1 T 39,230 62,000 .015
1 C 38,060 .014
2 T 46,100 67,800 .024
2 C 45,150 .014 2
T 39,700 62,200 .018
4. :3
C 38,090 .015
4 T 41,200 66,200 .014
4 C 38,490 [~lO13
..
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4.2 TESTING APPARATJ1S
- c' ,
trJie load$ were applied to each knee 'by means ot' an.
BOO,OOO-pound capacity~ scre• .,.type, testing nt~c~ne,. A 3 1/2""1n.
pin was securely weld$c1 totlle Gnd ot aachieg of th$ knee as
shown in Fig. -9 .Th$ knee '\9$.$ then 'su$p9nded between the upper
fixed head and the movable head of the testing machine. The
upper leg. or beam leg, was securely mounted by ita pin to the
:fixed head; 'the lower leg,o~ column leg, was securely nl0unted
by. ita pin to the movable head. This set""Up 1s shown in Fig. 12'
and in the photograph. Flg. 13" All loads were applied to the
knee through the$6 two pins.. The magnitud$ of' the applied load
Was read directly trom the load--1ndlcati on lever balanoe of the
lUQch1ne"
4~2.1 ~t~rQl support (2)
Past experience in the testing otrigidframe knees
i:nto the plastic region haa shown that adequate 1atE.lra.l. support
1s essential if the theoretical collapse loa.d 18 to beatta,1ned.
Without proper lateral support the entire $pec1m$n will bUckle
as a. unl tand failure wl1loecur under loads far lower than the
theoretical collapse load.
In thiS test the lmee.e were. prOVided w1th lateral i3Up-
port in a manner Which might be equlvalent to that usedln actual
build1ng construotion. The support was g1.ven by .fO'lJ.r struts, tWQ
on eachelde or the knee. An tni t1alTenalon of approXimately
6 Kips was applied to eaoh strut by means of a turnmck1e. This
1nst1red that the- struts would provide proper support •
4.2.1.1 FlU Bars -- In ord.er to lnBure .free movement of th$
~ ~ . .
frame in its planG~ th~ laterulauppo~t,$truts were ~itted with
flex bars ates.oh end.
4.2.1.2 ~tt-a1n Gage'!, -":'S'a'''4 electrical :strain gages ware a.t-
tached to oneo:f the flex baraof 'each lat'eral support 60 'that
the .foroe' ln eachsuppo1't coUld be known at an,. time d~i.:r1ng the
test.
4.2.2 ~q,tat1onMeaaurements
Rotation indicators of the type described in Progress
Report 7,(3) and illustrated. in F1.g.20 ot that: report were used
to deterinine rotation•. Seven sueh,r.ottilt1on indicators weI'O used
on oach kne$t one a01:'088 the knee and three in each leg. The
rotation indicator brackets may be Been in the photograph of the
test set -up" 1'18.13.
4.2.3 Deflection 'Measurements
d • r;
Deflection of the knee in the plane of the }~lee was
measured by a single Ames Dial mounted as shofin in Pig. 12. A
I'od was suspended from the upper leg' 0'£ the knee in line w1th
the upper p1n and hun8 vert1~a11y along the line of the toro$
aot1ng on the knee. The Ames Dial was Ulountedon the lower' end
of the :rod in such a manner that 1tB plunger rested securely on
a punch msrk set dlre.ctly Son line w1th the pin of the lower leg
of' the knee. In this manner the deneot1on Was detex-mined by
the v-Grtieal change 1n the pos1t10D$ of the pins thrOU.gh which
the load was app11eel •.
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4.2.4 Scaffolding
In 'order t01'"ead the d~nect1on and rotat~.on dials
and examine thespec1men dup1ng testing safely and easily" Q
ateel and w6od~lanked platform wa~ mounted ar~und the knee and
secJ.)~aly attached to the testing mach1ne i:rame.
may be sean in the photograph, Fig. 15.'
4.3 TEST PROOEDURE,
This platform '
. . .
Each knee, v1rgin and deformed, was tested according
to the p:rocedu~deeorlbedh~n?elnJl'
4.3.1 v~rs1nKne~
Thev1rgln:kn.e was teste:d'conttnupusly f'or eight
hours to failure_
4.5.2 Deformed Knee
The d8.fo~ed kneewast6$ted fot- two hours the first
day and eight hours the seoond day. The load applied to the
lmee at the end of the second hour on the firstd.ay was allowed
to remain ncting on the kneG overnight. The telJt was restJ!'!ed
the following day by firet tW{lng all measurements wi thout ad~
t11 tional load and theneontilluing wl th the test.,
The load a.t whioh the testing twas stopped on the first
day .as that load at which. the LQQc'l'-Denection Curve tended to
, .
.f'1.rst deViate from the, straight-line,,' elastio curve.
4.3.3 Loa.d', Iner~me:rit Criterion '.'
At the b6ginning ot the test; load was applied in ap~
proXimately equal 1ncrements of about 8% of' the calculated yield
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loa.d.All Defleotion and rotation maasurement$ were tsltan at
ea.ch load before the followinG load W.1iI applied. Approx:bnately
ten minutes was re.qu1red to take these measurements '"
4.3.4 Def'ormatlon Increment Cr1terion, .
When the plastlcs'trength of tlie knee had "been $ur'"
pasaedae 1ndlcattitd on the Load...Def'lec.tlon CUrve by a flattening
of the cUrve, the "load~nerementP criterion of loading was' re-
pla.ced by a "daformatlon-1nc:reman.tlt type loading of the type
developed in Progress Repo~tu (2)" During this lattot' part of
the tastfi'lt8 minute. was allowed to elapse aftaI' application
of each load before any data 'Was' taken. The purpose of this
elapse in time was to allow the knee to "settle down") to alloW
time for most of the yielding at. that load to occur. .This .fl'Ie
minutes time elapse waaestablished from prev1.o\ls tests W'hich
indicated that practically all of the drop in load due ·to yield-.
ing 000U%'5 ::wl thin the first .five minuts8 ot. application of th$
strain tnorement.
4 ..3.5 Readjustment ,of Lat~r&l. SU12l?0t'ts
As the st:reesea in th$ kn$S reached beyond the plaatl¢
,
limit, deformation caused the knee to move several inohes towards
. the line of .force. Thi$ induced bending stresses in the ls.tere.l
supports and necess1tat&d their being reset to prevent fracture
of the flex ...bars and to provide propel." lateral support.
4.3.6 Removal ot Rotation Ind1cators .
Wh.n the Ultimate load ot the specimen had been reached;
aa1ncl1cated by a drop in load with increased strain as Shown on
the Load...Defleetlon Ourt's, the rotation indicators r!ere removed.
-12
This was done to prevent damage to the Ames dials.. The indica-
tors were in danger of binding due to the large deformations
acoompanying these loads. This bind1ngcou~d oausa the Ames
dials to slip from their seats and fall to the base of the test-
ing maohine.
4.3.7~ Removal of Lateral Supports
After the knee had been stressed beyond its ultimate
strength, the stress in the lateral bracing became high. In
order to prevent fracturing of the flex-bars·" under increased
deformations, the lateral supports were removed.
4.3.8 Removal of the Deflection Dial
As the knee began to fail, deflections became so gre~t
tbB.t the Ames dial was no longer able to efte"ottvely measure them.
The dial was removed and further denection was measured wi th a
six-foot rule.
4.3.9 Failure
Failure was deteFminedby that :load at which the knee
coUld not Withstand added strain Without a rapid drop in load.
-13
ANAt,YSIS
.- ..5
5.1",1 Y1eldloment
As shown in Table I the section modulus £or the wid$
. . . . . "f$flange section was' :found to be 43.5 1n.·" U$lng the average
yieldstra,ss level of 39 ,lOOps! (see Tabl& XI), the theoretical
mottent~ M..yl for the knee is found to be:
Plaetic Moment
.. ' .. ¥I
As shown in Tabla I the plastic modUlus for the wide
£lange section .as found to be 48.1 ln~ Using the ave~agG yield ".
stress level of 39,100 (see 1!able II), thEt theo:raet1cal plaatle
mDment, Mp # tor the. knee 18 found to bel
5.2 THEORETICAL LOADS
----. .. • oil
An$lysls for finding thetheoretlcal loads are basGd
on Diagram I ... Th$ length of the arm "art is found to be=
96 cos 450 = 67.87 in.
-14
L,
p,
a"
I
I
I .
I
I
------\--'-
\
I
I
-----'-
DIAGRAM I: LOADING .ANALYSIS
, P.
5.2.1 Yield Load
. .. .
The theoretical '1leld l<>ad 18 found to be t
,I
Plastic Load
,
The theol'etleal plastic load is found to 'btl.
Pp == lIpla := 1880/87.80 == 27.7- Kip$
.5.3 ACTUAr, MOMENT AT HAUNCH
1_ •
I .
The actu..:t moment at the ha:uncb" the interea¢tlon of
the center-line. of' the two legs" 1s seen from Di~branl ! to be.
simply.the appl:ted force" P, ,time. the moment a:rm" a. However,'
aa the length t between the pine inoreases as the l:nee d~f1act$,
the moment arm, JJ..'~ decreases. . Tll$ following derivat1 on shows
tha.t that the decrease lnthe moment arm 18 equal to one-bJUf .
the increase in length I:.t between the pins.
-15
5,3.1 Derivat10n to~ As.
.
:81 the Pythagorean The-01''enu
wheI,'te: b is thE; length o:f the ISS or the knee
~ 1.9 thEl. or1 ginal mom.ent arm
~. 1$ one-..half the o~ig1nallengthbetween pinsior '1/2
As the knee deflects:
r1here; ~a. .13 the ohange in length of. moment arm
.~~ 1. one·balf the chan~e in length betwoen pine
b- = .a + 2a(Aa ) + (Aa)a + t e + 2~{At) + {At)2
( l1a)S ~(~).~ 0
o~ ~ Q9 + 2a(Aa) + Z2 + 2b{~~}a
b~ ... (ali + J$) :;: 2a(LJa ) + 2~(l1Z.)
a(~a) I: ~(l1Lr
a := ! (Al)
e.
Since 0( Q; 45-. ~:: a.
As. = - At.
Th$ aotual moment arm 1s now fou..l'1d to be:
mom.ent arm. := a + ~a. =: a - A~ :e a ... A tl2
wheJ?e: s. 1s the original moment a.~m
AIl 1.. the change l.n length betweenplns, the total
defl·ect1on.
",
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6.1 ~AL DISOUSSION OF YIRGIN.. KNEE, TEST,. T~$T N'O_~ 1..
6.1.1 Yield1ng
The first signs of yielding occurred 1n.the wab of
the knee near the fUll $tl.ffener wh$n the moment at the haunch
was 1283 !n-it1p$, 25~ 1$8$ than· the TheoXlet;d.eal yield l110ttlent ll
Furth~I' increase in load dev~loped yielding in several other
pointe of th~ knee 11$ $v1denced 'by spalllng of the whi te"aah.
. . ~ .
When the moment at th$ haunch had !'eached 2l40In~1psJ; 11ald-
ing WE:1$ (ivi dent 'in bot}). tlanges of the b&a.m and in the web ot
the beao near the tension flange. Yielding .as. a.lao eVident.
at tb.1e moment in both nausea of the oolumn ;a.ndtn. one d1ag'"
onalst1£tener. The photographs ot F1g. 14 ehow these yield
lines.. As th1$ yi.eld,lng developed. both thetoad-D$fltHrbion
CVJ?ve. Fig. 1, and the Moment-Rotat1Qn Ourve, Fig•. s, began to
br$eJ.(awa.y from. straight 11;0(;). '1'h$rc wer$no 81gn$ of $1th$~
local buckllngor lateral buekl1ngat this point in the test.
6.1.2 Loeal '1Jld Lateral.Bp.9]9-~1n,S .
Wh$n the moment. in the haunch had increa.sed to 2291
,
In-!:{1ps there ;rere indications 'of both lOcal buckling in the
. " .
compreoflion flange of the beam and late~l bUckling 01' th$ health
As the moment 'WafS increased further; tht) latEtra]. buckle beoame
IllOX'9 pronounced andevantual1y led to the failure of' the knee.
Th(';lre Was no not1cable charie'1l tbroug~out the.· remainder of the
test in the size or the local buck161 Which was actually ad1reet
---~.._'-~------ .~. ~-~~--
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:rei,Si~to~etbe lai;ertil buo~le" Ntb.~r than ,$.I), ftnde~nCJ.al'1.t e1;c{t1Qn~
4tth~$,polnt 111 the te$t bQt;~l. tl!1EJ~O~d~JP~nElet!QIlCUI.!V$t,:F1S;iO, 1~
'.' "
and ,the tx'lomen.t4otat1on e"~V$j ~g~ 3~~ad flatten.cd,.,
6~il ~5 m.tim'at$, StteIlgth
':Vb,eu~~f.:rnatemomen-q' t3~~4.ed by tb,e Itn6E) waa~~9:L ,t'n~lps,
, . ' : ' ." ,
wh1i.dht~ 'f$5~ geat~rthan t;'.hO'tl16oretloal yto1.d m()m$n:~"f' . 'Tht·$
lnO!mitIl,tbC'<l\lI>rad' 's1mUlta.neon:i3l:WW~ th the til t;l:mate ':tQti1c.t 'Q~:$4~,e
,t(iP$;..Wh$ ultimate strenSthw~~ :il'e~ch$djl.1~t as th.~·\lftt~ral
bl.1ok:1;~,blp~i
{3 .i~4 ~a11\lrEi
As tbe 1.tElraib\l.cl!~~ developed,,,, the l(1l.eeh$~ 'fH>
. .
tVI;fat n~6ut·8, tine' th]:>6U.gl'l th~ la.terSlsupp()r.~1;i C)onnEfctton$' &3
"' -.
lt$~1$:t .~hi$tw~$i;;1nSf3;cttd~eausedthalc>a<tl$£:til'th.e,:t~~b~ll'l1i
'3,UPpo~ts to 'inc~~a~e ratber,Da.:p:1.41Y.
'l'hekne$" ¢ontinuea ·to cs,rry' a high m~m$ntfolJ. b~v~rS1
tl'!"pr6 [no reln~m.:eS of loading.. .Then ~,"as th$ 'ist a'ral 'bu,eltle' 'EUlQ: tbe
tw:t~t:bf'l;f$ s.bout the line oj;th,~ j,a..~eral$l.1pPQrt$b~9~(}' mQ:r?$pro---
nounq,?d:.uh$ 108.4 began to 'Cli?¢p ott fapl~1 w1.th lnct.ea.~6a.$t:ra1n.,
,..~~=--'''"''_ ..~ ~~~~OI;Q,.~:~-
( '$h~' beam .f~~l~g:;c ,,_ ..,~"~
~.~_ ..-"-"--,,."_.. ,, .''''
'l?ne ph,otogr$;P~ ot FiS- i'3. '$how~' th~ knee· ?itt'~r th~
t-e·~t,.· 'Whe :lateral buckle may' be seen 1ntMupp(li:':t-$S~tht?'
be:.~m" 'PQj;>tlon of th&' knee.,Wtth elO,f,J$ 1nf3petfjt,~onf;b,$ ao¢~ bUckle
~y .bese~n attihQ point; Wh~r$tb.~ ,,'b1l1r4 ~Qtatl on irJ.d:1catl)'~
'bracl~et f;rolilthe topCrO$iS6'$ the upper' naJ,1g~ ot· the b~ia:m~
.... ' ~~r-' ,.', 'r _." ,' ,..... "."'.'..,-" ---- .
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6.2.1 Yielding
The first signa ot' yield:1.nS'fll!l evidenced from n$king
of: the whitewash occurred in tne·tena1on fl$.nge of the beaID;.when
the moment at the' haunch was 2105 In.-Klps .. which is 2S% higher
than the thaoretlealy:teld. i'10raent • However, the 'toad "'Def'le~t1on
and. Moment Rotation curves; Figs., 2 and. 4, indioate that y1eld ....
ing actually be~ to occur when the moment· in the haunch had
become app~o~1mately 1$00 In""Klp8t wPloh 1$25% lese than th.
theoretical y~.eld moment. Whia apparent disorepancy lsaecounted
tor by the fact thatnruoh of the mill 8ce.lehaQ flaked .from. th.
specimen wben it had yielded considerably during 1ts prev:toU'
test as vart ot the rigid f1'a.me from which it 'Wa.s cut II The
steel was thua tree of scaie in thos. areas.where y1eld1ns·flrst
occuITed.
By the tim. th•. nlOftlant in the haunch had 2?Els.ched e2GS
In-Kips, much or the deformation trom. th" prev10us test had
s tra.ightened Qut. lila-kIng ot: the· whi te.ash 1nd1oated y1 eld1ng
in both fl$.nges of the beQ1:1 and 1n the web of tht) knee ..
6.2.2L!Ateral Buokllns
When the moment at the haunohre'ached S520 In-K1ps
lateral buckling in the column leg began to d~velop.
At $ moment at the ha.unch of 2360 In"'iClp.$'; cona1der-
able yielding oceurr$d 1n both s1des of the oompresoion flange
or the beam about tl ve lnch~s up tr01'11 the a tlf'fenEU".
With fu;rther increase 1n moment the lateral bu.ckling
of the column continued to develop and caused local buckling 1n
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the compress1.on flange of the column about $, foot below the
knee. At the same time, the Imet began to twist about a lin.
through the 1ataral . support connect! on. ina manner eir.lilar to
that of the.virgin knee. The$·tr6IHJeS in the lateral st).pports
began to increase rapidly. By tht. time 'bQth the toad"'Doflection
Curve, Fig, 2. and. tbe Moment-.Rotat1on O~ve" Fig. 4, hadbeeom•.
flat.
6.2.3 !l!t ~mat.•. Stl'en.&!th
'l'he Ultimate moment c$rr1ed by the knee· was 2378 In.-
K:1ps, 40% gtteatar than the theoretical· 1:le1d moment. This mo"""
. ment occurred $lmultane.ously with the. Ultimate lQad o:f'34.45 Kips.
6.2.4 Failure
The knee oontinued to ea~ry high moment to~ aevaral
mo~ increments Ofloadlng. ~~hen. a~ the 18t~rlU l:)t:l.clrlaand the
tWlst1ngabout the line of the· supports becam& more pronounced,
the load began to dro~ off rapidlywibh 1nQreas9 tn strain. The
beanl failed.
'rhe totsl defleotion of each knee ta shown in the Load-
Defleotion Ourvas, F1e;r. 1 and 2.. AlthOUgh the curves differ
somewhat, w1t~ the cU%'ve for the deformed knee starting to break
from the $t~alght e1astlQ pOrtion ot the eurV$ at a load approx-
1nlatel'y' 75tf, of that for the virgin kn~ej the .Ultimate load reached.
is the se.mEt tor both. Th1$ ult1mtlt$ load 1$ 4o%~~ate:r than the
the:oretiC$.l y1eld load.
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·6.4 RoTAT!ON AOROSS Ttm KI>TEE .
..-. .. ~.. ......
The total rotation aoross each knee for varying mo~
m~nts 1$ shoWn in the Mom$nt-Rotat1on Curve., F1g~h'::; and 4.
Also plotted on these curves are the Motnent-Rotatlon Curves,
ap taken from. ProgreS$ Report·U (2) ~ sho"ing the previou.s strain'
h1stor1 of each kn,e •
.A1 though the curves ditfer al1gbtlY1 with the curve,
for the deformed. knee starting to break trom .thestre.18ht el.s-
tie portion. ot th$OU1'v6 at $. moment $.pproxln1Qtely r,~ (>f that
tor the vi~gin knee I the ultimate mOll'l$nt reached. by both is
nearly thae#i.\1'i1e. 911 th that or the defo::t"tl1ed knee 4~ highar thlan
that of the v',rg1n. knee. .The Ultimate moment was 45% greater
than tho theoretioal yield mom.ent forth. 12\tF36seet:ton.
6.4.1 . V1ren lne$
. '1'he Mome-nt-Rotatlon Curve .from Progre3lJ Report U In-
tl1cate8 th.at in that test" although th.e knee was not straaaed
beyond i t.e theoretleBJ. yield point, .some 1nEllast1e .a.cti.on dld
occu~, resulting in a small amount ot permarlflntSGt 1n the met,.
6.4.2 DefoFDled Knee
~hebehavlorof the 'knee under first a eompresa1ve-
type loading and then a tenaion-tyPtl loadingwaa nearly th. 8am~
as these two curves sbo...lt is sIgnificant to note., however,
that the knee proved to be leY.' strong&r ttnder~ the tf}:ns:ton....-type
than the cornpres$1ve-type J.ofiding.
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6.5 UNIT ROT~ION
The 'unit rotations along the les of the kriee for vari-
OUS moment~ at tbe haunch are shown 1n the Unit Rotation va.
D16tal'lCe from Haunch cu.rves ~ ],,'1 gs.6 and (5. For 10\'1 rotati,on.
the point of tnaX117lUM unit rotation 1$ in tho haunch of the knee"
As rotation inCraQI6S t the un1t rotation at a point abou'l; six
incheaouts1de the knee' 1ncreast)s at'a taatet> rate than bht1t:at
the haunch and tor large rotrat1ons beoome$ greater than that fl'O
th$ llatLYlch.
6.6 LATERAL SUPPORT
........... '.
Th.e, lateral £'01"'06 required to pr~vent the knee from
buckling ovarits entlr$ length at loads far lowe,r than the the-
oretical collapse load. 18 Shown in Figs. 7 and 8. 'To obtain a
plot based upon the characteristics of the section the ratio of
the lateral ;force to the theoretical axial yield load of the seO ....
t10nwas us~d as the absc1s$a~
Until the knee ~aached t te ultlmatestrength, apiJ}rox1. ....
niatel.y 40%, great$:r than the theoretical -yield moment tot' the $$0 ....
t1on, o1JJ.y a 8-mall lateral torce 1VSl5 )."f)qu1zted to l.nsu~ stabl11ty~
For the defoI'med kne~ the force requ1red ;remEl-ined essel1tially
oonsta.nt at 0.4 K1p", Qr 0.1% of the theoretical axial yield load
of ,the seot1on. For the virS!n knee th~ force required varied,
.' " .
but at no point waa l,t greater thf.n 1.5 Kips, 0:r0.4% of thE)
theoretical axial load. Once the kn$eb.ad reaohed its Ultimate'
strength and begun to fa11~ the iate~&l fore_ required 1ncreaeed
rs.piely.
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